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TITLE OF THE INVENTION 
SOLID-STATE IMAGE PICKUP DEVICE FOR PRODUCING THINNED IMAGE 



FIELD OF THE INVENTION 

The present invention relates to a frame transfer system 
CCD solid-state image pickup device and an operation method 
of the solid-state image pickup device. 
DESCRIPTION OF THE RELATED ART 

Electronic still cameras using solid-state image pickup 
devices have been utilized as means for introducing image 
information into a computer device such as a personal 
computer or a word processor . These electronic still cameras 
are constituted so that an object image can be picked up as 
an animated image, ioe-, the continuum of static images and 
the image information of one desired image frame can be 
fetched from these images in the same manner as in a 
conventional image pickup device such as a television camera » 
usually, in the processing of the image information of such 
an electronic still camera, in order to speed up the 
processing, the continuous images are reproduced with image 
signals of information reduced by appropriately thinning out 
the image information, and complete signal processing is 
conducted only for the image information of one image frame 
to be finally fetched. 

Fig ft 1 is a block diagram showing a constitution of a 
conventional electronic still camera. 



BACKGROUND OF THE INVENTION 



A CCD solid-state image pickup device 1 includes a 
plurality of light receiving elements arranged in matrix and 
shift registers associated with the light receiving elements., 
A plurality of light receiving elements generate information 
5 charges in response to light of the object image which is 
radiated to a light receiving surface by a known lens 
mechanism, and these elements independently accumulate the 
information charges- The shift register transfers and 
outputs the information charges accumulated in each light 
-J? 10 receiving element in a predetermined sequence. Additionally , 
U in the solid-state image pickup device 1, the output end of 

S ESS 

M the shift register is provided with a capacity for 

C accumulating the information charge in a unit of picture 

O element o The amount of the transferred and emitted 

M 15 information charges is converted to a voltage value, which is 

*0 fetched and emitted as an image signal Y0(t) . 

A drive circuit 2 supplies multiphase vertical transfer 
clock <J)V and horizontal transfer clock (J)h to the shift 
registers of the solid-state image pickup device 1 to 
2 0 transfer and output the information charges accumulated in a 
plurality of light receiving elements in the predetermined 
sequence. Specifically, the information charges of each 
light receiving element is transferred to the shift register 
according to a vertical scanning timing and subsequently 
25 transferred/output line by line according to a horizontal 

scanning timing, so that the continuous image signal Y0(t) in 
a line unit can be obtained. A timing control circuit 3 
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generates a horizontal synchronous signal HT and a vertical 
synchronous signal VT based on a reference clock of a 
constant cycle, and supplies the signals to the drive circuit 
2. The horizontal and vertical synchronous signals HT and VT 
5 determine the horizontal and vertical scanning timings of the 
solid-state image pickup device 1, and are generated 
according to a predetermined formate S imultaneously , a 
timing signal PC for standardizing the image signal YO(t) 
according to the horizontal and vertical synchronous signals 
10 HT and VT is generated and supplied to a signal processing 
circuit 4 to be described later. Additionally, the timing 
control circuit 3 responds to an image defining instruction 
DI to stop the drive circuit 2 from its continuous image 
pickup operation and to allow the signal processing circuit 4 
15 to output image data D(n) of one specific image frame 
corresponding to the image signal Y0(t)* 

The signal processing circuit 4 takes the image signal 
Y0(t) output from the solid-state image pickup device 1, 
applies various processings such as sample holding, level 
20 correction and the like in accordance with the timing signal 
PC, and supplies an image signal Yl(t) according to the 
predetermined format to a display 5. The signal processing 
circuit 4 includes an A/D converter and a D/A converter, in 
which the image signal Y0(t) is subjected to a signal 
25 processing as digital data, reset to the analog-value image 
signal Yl(t) after the predetermined signal processing is 
completed, and supplied to the display 5. Furthermore, the 
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digital image data D(n) for one image frame of the image 
signal YO(t) when the timing control circuit 3 receives the 
image defining instruction DI is supplied to the outside as a 
static image output by the signal processing circuit 4. The 
display 5 is constituted of, for example, an LCD panel for 
continuously displaying the image picked up by the solid- 
state image pickup device 1 in accordance with the image 
signal Yl(t) supplied from the signal processing circuit 4. 
Additionally, after the image defining instruction DI is 
received, a static image of the image data D(n) emitted as 
the static image output is displayed . 

Fig- 2 is a schematic diagram showing the constitution 
of the CCD solid-state image pickup device 1 in a frame 
transfer system. In Fig, 2, for the sake of simplicity, the 
arrangement of light receiving elements is shown as a pattern 
of 12 lines by 16 columns. Fig. 3 is a timing chart showing 
the relationship of each transfer clock and each synchronous 
signal for operating the solid-state image pickup device 1. 

The frame transfer system CCD solid-state image pickup 
device 1 comprises an image pickup section li, a storage 
section Is, a horizontal transfer section lh and an output 
section Id. The image pickup section li comprises a 
plurality of vertically continuous and mutually parallel CCD 
shift registers, and each bit of the shift registers 
constitutes each light receiving element. Frame transfer 
clocks <j)fl to (J>f3 synchronous with the vertical synchronous 
signal VT are applied to the image pickup section li, and the 



information charges accumulated in each light receiving 
element during the image pickup period are transferred to the 
storage section Is at a high rate in a vertical-scanning 
blanking period. 
5 The storage section Is continues from the shift 

registers of the image pickup section li, and comprises a 
plurality of CCD shift registers coincident in bit number. 
Each bit of the shift registers constitutes a storage picture 
element, in which the information charges transferred/emitted 

10 from each light receiving element of the image pickup section 
li are temporarily accumulated. Vertical transfer clocks <J>vl 
to 4>v3 synchronous with the vertical and horizontal 
synchronous signals VT and HT are applied to the storage 
section Is, so that the information charges for one image 

15 frame are taken from the image pickup section li. 

Additionally, the taken information charges are transferred 
by a unit of one line to the horizontal transfer section lh 
in a horizontal-scanning blanking period. 

The horizontal transfer section lh is constituted of a 

20 single CCD shift register having each bit coupled to the 

output of each shift register of the storage section Is, and 
each bit receives the information charges transferred/emitted 
from each shift register of the storage section Is. 
Horizontal transfer clocks (j>hl and c|)h2 synchronous with the 

25 horizontal synchronous signal HT are applied to the 

horizontal transfer section lh, so that the information 
charges transferred/emitted from each shift register of the 
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storage section Is are successively transferred by a unit of 
horizontal line to the output section Id. 

The output section Id is able to receive information 
charges on the output side of the horizontal transfer section 
5 lh, and subsequently outputs a voltage value corresponding to 
the amount of electric charge upon receipt of the information 
charges transferred/emitted from the horizontal transfer 
section lho A reset clock <{>r is applied to the output 
section Id in accordance with the horizontal transfer clocks 
*D 10 <f>hl and <|)h2 <, By discharging the information charges 
UJ successively transferred/emitted from the horizontal transfer 

M section lh by a unit of picture element, the voltage value 

□ corresponding to the amount of the information charges for 

□ each picture element is fetched,, Here, a change of the 
15 emitted voltage value forms the image signal Y0(t). 

0 In the frame transfer system solid-state image pickup 

device 1, since the storage section Is for temporarily 
accumulating the information charge which is obtained by 
picking up the image is apart from the light receiving 
2 0 elements of the image pickup section li, there is only slight 
leakage of unnecessary electric charges from the light 
receiving elements. Therefore, the solid-state image pickup 
device 1 is suitable for an electronic still camera which 
reads information charges from the solid-state image pickup 
25 device at arbitrary timings to obtain static images. 

In the electronic still camera described above, an 
animated image is fetched by continuously operating the 
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solid-state image pickup device 1, and a desired static image 
can be fetched while observing the animated image . At that 
time, since the animated image forms only a confirming image 
frame, it need not be of high quality. Usually, by 
5 decreasing the information amount of the image signal YO(t) 
beforehand, the signal processing in the signal processing 
circuit 4 is simplified.. Specifically, by thinning out the 
image signal YO(t) by a constant unit of column or line in 
the input stage of the signal processing circuit 4 to 

10 decrease the information amount, various signal processings 
can be simplified and speeded up. 

However, the constitution for thinning out the image 
signal Y0(t) in the signal processing circuit 4 speeds up the 
circuit operation of the input section to increase the power 

15 consumption, and also results in an increase of cost because 
the circuit itself easily becomes large-scaled. 

SUMMARY OF THE INVENTION 
An object of the present invention is to provide an 
2 0 inexpensive electronic still camera with a high resolution in 
which an increase of power consumption is suppressed to 
reduce costs. 

In one aspect of the present invention, in a first image 
pickup operation, an information charge generated in a first 
25 light receiving element (pixels picture element) is stored in 
the picture element as is, and an information charge 
generated in a second light receiving element is discharged 
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toward a substrate- Subsequently, in a second image pickup 
operation, the information charges generated in the first and 
second light receiving elements are stored unaltered in the 
picture elements • Therefore, a solid-state image pickup 
5 device can be obtained in which it can be selected in 

operation whether to output an image signal by reducing the 
number of picture elements or by reading the information 
charges from all the light receiving elements. 

Moreover, in the first image pickup operation, the 
*S 10 information charges are accumulated in only the first light 
W receiving element, and a first image signal continuously 

M* indicating an image frame with a low resolution can be 

■ SS .C 

LLi 

Q obtained* Subsequently, in the second image pickup operation, 

D the information charges are accumulated in the first and 

M= 15 second light receiving elements, and a second image signal 
yg indicative of an image frame with a high resolution can be 

obtained o 

Furthermore, according to another aspect of the present 
invention, the predetermined information charges are stored 

2 0 in the first and second light receiving elements in a first 
period, and in a subsequent second period, only the 
information charges accumulated in the second light receiving 
element are discharged from a channel region toward a 
substrate region with the information charges stored in the 

2 5 first light receiving element held therein . Therefore, the 
information charges are thinned out in accordance with the 
arrangement interval of the first light receiving element, so 
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that an image signal with a reduced information amount can be 
obtained o 

Additionally, information charges which are not taken 
into storage elements are discharged from the channel region 
5 to a semiconductor substrate side in a boundary portion 
between a light receiving region and a storage region in 
accordance with a difference between first and second 
transfer clock cycles . In this case, since a transfer 
electrode with a long channel length formed therein is 
JJ 10 disposed in the boundary portion between the light receiving 

■j s 

Lu region and the storage region, a portion of the light 

= =s 

M receiving region to which the information charges are 

Q discharged becomes apart from a portion of the storage region 

Q in which the information charges are stored <, Therefore, the 

M= 15 information charges discharged from the light receiving 
y[j region are hardly mixed into the information charges stored 

in the storage region a 

Moreover, the information charges of a part of the light 
receiving elements in the light receiving region are selected 
20 in accordance with a ratio of the first and second transfer 
clock cycles and transferred to the storage picture elements 
in the storage region., In the process of transfer, since the 
information charges of a part of the light receiving elements 
are discharged, the number of picture elements is reduced. 
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BRIEF DESCRIPTION OF THE DRAWINGS 
Fig* 1 is a block diagram showing a structure of a 
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conventional image pickup device. 

Fig- 2 is a plan view diagrammatically showing a 
conventional frame transfer system solid-state image pickup 
device. 

5 Fig. 3 is a timing chart showing the operation of the 

frame transfer system solid-state image pickup device., 

Fig. 4 is a sectional view showing a structure of an 
image pickup section of a solid-state image pickup device 
according to a first embodiment, 
yes 10 Fig. 5 is a diagram showing potentials inside the image 

sss£s 

yj pickup section of the solid-state image pickup device of the 

M= first embodiment. 

p Fig. 6 is a profile view showing the potential state of 

□ the solid-state image pickup device of the first embodiment o 

II 15 Fig. 7 is a plan view diagrammatically showing the 

g solid-state image pickup device of the first embodiment. 

Fig. 8 is a plan view showing an example structure of a 
mosaic color filter. 

Fig. 9 is a diagram showing the waveform of each 
2 0 transfer clock in a first image pickup operation. 

Fig. 10 is a diagram showing the waveform of each 
transfer clock in a second image pickup operation. 

Fig. 11 is a block diagram showing a structure of an 
image pickup device in which a solid-state image pickup 
2 5 device according to the present invention is used. 

Fig. 12 is a timing chart showing the operation of the 
image pickup device shown in Fig. 11. 
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Fig, 13 is a timing chart showing a first image pickup 
operation in an operation method of a solid-state image 
pickup device according to a second embodiment . 

Fig. 14 is a timing chart showing a second image pickup 
5 operation in the operation method of the solid-state image • 
pickup device of the second embodiment « 

Fig* 15 is a diagram showing potentials inside the image 
pickup section of the solid-state image pickup device of the 
second embodiment . 
%£t 10 Fig. 16 is a potential profile view in a depth direction 

Ld inside the image pickup section of the solid-state image 

y* pickup device of the second embodiment . 

□ Fig* 17 is a sectional view showing a structure of an 

p image pickup section of a solid-state image pickup device 

M 15 according to a third embodiment. 

yg Fig. 18 is a plan view diagrammatically showing the 

solid-state image pickup device of the third embodiment. 

Fig. 19 is a diagram showing waveforms of transfer 
clocks for realizing a first operation method of the solid- 
2 0 state image pickup device according to the third embodiment. 
Fig. 20 is a diagram showing waveforms of transfer 
clocks for realizing a second operation method of the solid- 
state image pickup device according to the third embodiment. 
Fig. 21 is a diagram showing potentials in a first 
2 5 operation of the operation method of the third embodiment. 

Fig. 22 is a diagram showing potentials in a second 
operation of the operation method of the third embodiment . 
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DETAILED DESCRIPTION OF THE PREFERRED EMBODIMENTS 




[First Embodiment] 

Fig. 4 is a sectional view showing a structure of a 
solid-state image pickup device according to the present 
invention, and Fig- 5 is a diagram showing potentials inside 
the solid-state image pickup device- Additionally, the 
solid-state image pickup device of the present invention is 
of a frame transfer system, and Fig, 4 shows its image pickup 
section . 

P-type diffusion region 12 is formed on one principal 
:ace df an N-type semiconductor substrate 11, and a plurality 
of chanViel regions extending in one direction (horizontal 
direction of Fig. 4) are formed parallel with one another in 
15 the diffusion region 12. Each channel region forms a 

transfer troute of information charges, and has an N-type 
embedded layer 13 in the vicinity of its surface, which forms 
an embeddeti channel structure. Furthermore, the 
semiconductor substrate 11 serves as an overflow drain for 
2 0 absorbing tfoe information charges leaking from the channel 

regions, to Which predetermined fixed potentials are applied 
in accumulating, transfer and discharge periods of the 
information charges , respectively. A plurality of transfer 
electrodes 15 extend in a direction intersecting the channel 
25 regions and arranged parallel with one another via an 

insulating film 14 on the channel regions with the embedded 
layer 13 formed thereon- The transfer electrodes 15 may be 
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formed in a double-layer structure in which clearances in the 
first-lay *r transfer electrodes 15 are covered with second- 
layer transfer electrodes , In a three-phase operation , first 
and second light receiving elements Pi and P2 each formed of 
three transfer electrodes 15 are set in the channel regions „ 
In a chan lei region 16 in which the first light receiving 
element PL is set, an N-type doped region 16 having a higher 
impurity concentration than the embedded layer 13 is formed 
opposite to the central transfer electrode 15* The injection 
region 16 is formed to prevent the information charge from 
escaping Erom the embedded layer 13 toward the semiconductor 
substrate 11 , but may be unnecessary if the information 
charge can be securely held by only the transfer electrode 15. 

The first light receiving element PI accumulates the 
information charges in both first and second image pickup 
operations, while the second light receiving element P2 
accumulates the information charges only in the second image 
pickup operation. In the embodiment, by disposing two 
second light receiving elements P2 between the first light 
receiving elements Pi to reduce the number of vertical 
picture elements to one-third, a first image signal Y0(t) is 
obtained- Three transfer electrodes 15 are allocated to one 
picture element • 

Three phase transfer clocks <|>fl, <f)f2 and <J>f 3 or (|)fl, <|>f 2 ' 
and <J>f3 are applied to the transfer electrodes 15 to control 
potentials in the channel regions. The transfer clocks <j)fl 
and <j)f3 inactivate the transfer electrodes 15 positioned on 
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both ends of each light receiving element PI or P2 and form 
potential barriers for electrically separating adjoining 
light receiving elements in the first and second image pickup 
operations- The transfer clock c|)f2 turns on the transfer 
5 electrode 15 positioned in the center of the first light 
receiving element Pi and forms a potential well for 
accumulating the information charges in the first and second 
image pickup operations . The transfer clock <J)f2' turns off 
the transfer electrode 15 positioned in the center of the 

10 first light receiving element PI and fails to form the 

potential well in the first image pickup operation, but turns 
on the same transfer electrode 15 and forms the potential 
well in the second image pickup operation., Therefore, the 
second light receiving element P2 accumulates the information 

15 charges only in the second transfer operation. Such a state 
is shown in Fig. 5. 

In a CCD solid-state image pickup device of a vertical 
overflow drain structure, a potential profile shown by a 
solid line in Fig. 6 is formed in a depth direction of the 

2 0 semiconductor substrate 11. The potential becomes deeper as 
further away from the transfer electrodes 15, at one point 
indicates a minimum value in the embedded layer 13 and a 
maximum value in the diffusion layer 12, and becomes deeper 
as it advances from the diffusion layer 12 to the depth of 

25 the semiconductor substrate 11. Such a potential can be 
controlled by the potentials applied to the semiconductor 
substrate 11 and the transfer electrodes 15. If the 
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potential is raised, the potential is formed deep. 
Conversely, if the potential is lowered, the potential is 
^formed shallow. 
/ ^o/^W en the information charges are accumulated in the 
?hannel\regions, the transfer electrodes 15 are activated. 
Specifically, by raising the electric potential applied to 
the transfer electrode 15, a potential profile shown by a 
curve a is\ formed. Therefore, the information charges can be 
accumulated only to make up a difference between the minimum 
value of thfc embedded layer 13 and the maximum value of the 
yj diffusion laVer 12 o On the other hand, when the information 

H= charges are discharged toward the semiconductor substrate 11 

Q instead of being accumulated in the channel regions, the 

□ transfer electyodes 15 are inactivated. Specifically, by 

lI 15 lowering the electric potentials applied to the transfer 

yp electrodes 15, a potential profile as shown by a curve b is 

03 \ 

formed. Therefore, the information charges generated in the 

channel regions are discharged toward the semiconductor 

substrate 11 alon^ a potential gradient. In the first image 

2 0 pickup operation, \the transfer clock <j)f2 forms the potential 

shown by the curve \a of Fig. 3, while the transfer clocks <j>fl, 

4>f 2 ' and $f3 form potentials shown by the curve b of Fig. 3. 

Additionally, in the second image pickup operation, the 

transfer clocks <J)f2 and <J>f 2 ' form the potentials shown by the 

25 curve a of Fig. 3, wh\Lle the transfer clocks <J)f 1 and <J)f 3 form 

potentials shown by trie curve b of Fig. 3. The potential on 

the side of the semiconductor substrate 11 hardly changes 
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because the electric potential applied to the semiconductor 
substrate 11 ;.s not altered between the first and second 
image pickup operations „ 

Fig» 7 is a schematic diagram showing the structure of 
the frame transfer system CCD solid-state image pickup device 
according to the present invention. In Fig* 7, for the sake 
of simplicity, the arrangement of the first and second light 
receiving elements PI and P2 is shown in 12 lines by 16 
columns - 

A frame transfer system CCD solid-state image pickup 
device 20 is constituted of an image pickup section 20i, a 
storage section 20s , a horizontal transfer section 2 Oh and an 
output section 20d» The image pickup section 20i is 
constituted of a plurality of vertically continuous, mutually 
parallel CCD shift registers, and each bit of the shift 
registers constitutes the first or second light receiving 
element PI or P2. The first light receiving element Pi for 
accumulating the information charges in the first and second 
image pickup operations and the second light receiving 
element P2 for accumulating the information charges only in 
the second image pickup operation are continuous in lines, 
and form first and second lines Ll and L2, respectively. 
First lines Ll are disposed at a constant interval, while the 
appropriate number of second lines L2 are disposed between 
these first lines • In this embodiment, two second lines L2 
are disposed between each first lines LL The transfer 
clocks (j)fl, <|>f2 and (}>f3 are applied to the first lines, while 



the transfer clocks (j>fl, <j>f 2 ' and <J>f 3 are applied to the 
second lines L2 «, When the information charges accumulated in 
the light receiving elements PI and P2 are transferred, by 
making the transfer clock <|>f2 coincident with the transfer 
clock <J>f2', the information charges are transferred to the 
storage section 20s (frame transfer) . In the first image 
pickup operation, the information charges are transferred at 
a high rate in a timing synchronous with the vertical 
synchronous signal VT in the same manner as the image pickup 
section li of the solid-state image pickup device 1 shown in 
Fig, 2, On the other hand, in the second image pickup 
operation, high-rate transfer is not performed, with the 
transfer instead being performed line by line in a cycle in 
accordance with the horizontal scanning in the same manner as 
the storage section Is of the solid-state image pickup 
section 1 shown in Fig. 2. 

The storage section 20s comprises a plurality of CCD 
shift registers continued from the shift registers of the 
image pickup section 20i, and each bit of the shift registers 
constitutes a storage picture element S. The storage section 
20s is optically shielded and temporarily accumulates the 
information charges transferred/emitted from the first light 
receiving elements PI of the image pickup section 20i„ The 
number of vertically arranged storage picture elements S of 
the storage section 20s is equal to the number of the first 
lines LI of the image pickup section 20i, i.e., the number of 
the first light receiving elements PI of the image pickup 



section 20i„ In this embodiment, the storage section 20s is 
formed in lines one-third of the lines of the image pickup 
section 20i (4 lines by 16 columns)- The vertical transfer 
clocks <|)vl to 4>v3 synchronous with the vertical or horizontal 
synchronous signal VT or HT are applied to the lines of the 
storage section 20s «, In the first image pickup operation, 
the information charges are taken in from the first light 
receiving elements PI of the image pickup section 20i at 
frequencies which are one third of the frequencies of the 
transfer clocks <j)fl to (j)f3 and (J>f2', and the taken information 
charges are transferred to the horizontal transfer section 
20h line by line in each horizontal scanning time- In the 
second image pickup operation, by making the vertical 
transfer clocks (j>vl to <j>v3 coincide with the transfer clocks 
(})fl to cf>f3 and 2 ' , the storage section 20s is operated as an 
extended section of each shift register of the image pickup 
section 20i, and the information charges from the first and 
second light receiving elements PI and P2 are successively 
transferred to the horizontal transfer section 20h. 

The horizontal transfer section 2 Oh comprises a single 
CCD shift register having each bit coupled to the output of 
each shift register of the storage section 20s, and each bit 
receives the information charge transferred/emitted from each 
shift register of the storage section 20s o The output 
section 20d includes a capacity for receiving the information 
charges on the output side of the horizontal transfer section 
20h, and emits a voltage value corresponding to the amount of 
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the electric charges upon receipt of the information charges 
transferred/emitted from the horizontal transfer section 20h, 
The horizontal transfer section 20h and the output section 
20d correspond to the horizontal transfer section lh and the 
5 output section Id of the solid-state image pickup device 1 
shown in Fig- 2. Specifically, the information charges in 
the horizontal transfer section 20h are transferred to the 
output section 20d in response to horizontal transfer clocks 
c|)hl and <j>h2 synchronous with the horizontal synchronous 

10 signal HT, and the information charges accumulated in the 
capacity of the output section 20d are successively 
discharged in response to a reset clock (j>r„ Subsequently, a 
change in electric potential of the capacity of the output 
section 20d is emitted as an image signal Y0(t) „ 

15 When the solid-state image pickup device 20 is used for 

picking up color images, a color filter is attached to the 
light receiving section 20i to associate the first and second 
light receiving elements PI and P2 with specific color 
components o For example, as shown in Fig* 8, cyan (Cy) and 

2 0 yellow (Ye) are alternately arranged in odd lines, while 
white (W) and green (G) are alternately arranged in even 
lines. When such a color filter is attached to the image 
pickup section 20i, six picture elements in the vertical 
direction are used as one unit, and different color 

2 5 components are fetched from two of the picture elements o In 
Fig, 8, the picture elements to be fetched are surrounded 
with squares. Therefore, even in the first image pickup 
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operation for performing an image pickup of a low resolution , 
all color components can be fetched independently in the same 
manner as in the second image pickup operation for reading 
the information charges from all light receiving elements. 

Figs. 9 and 10 are diagrams of waveforms of transfer 
clocks for realizing the operation method of the solid-state, 
image pickup device of the present invention , and 
respectively show the first and second image pickup 
operations . 

In this embodiment, each transfer clock has three phases <, 
In such a three-phase operation , three transfer electrodes 15 
for one picture element are arranged in each light receiving 
element PI or P2 of the image pickup section 20i as shown in 
Fig. 4. As shown in Fig. 6, each transfer electrode 15 forms 
the potential profile deep to accumulate the information 
charges when the applied electric potentials are high, and 
forms the potential profile shallow to discharge the 
information charges when the applied electric potentials are 
low. 

As shown in Fig. 9, in the first image pickup operation, 
the transfer clocks 4>fl, <J>f 2 ' and (J>f3 are fixed at low levels 
in an electric charge storage time, and have high-frequency 
reading pulses at the start of an electric charge transfer 
time subsequent to the electric charge storage time. 
Moreover, the transfer clock <J)f2 is fixed at a high level in 
the electric charge storage time, and has a reading pulse of 
a phase equal to the phase of the transfer clock <J>f 2 ' at the 
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start of the electric charge transfer time. Therefore, in 
the image pickup section 2 0i, the information charges are 
accumulated only in the first light receiving element PI for 
receiving the transfer clock <f>f2 during the electric charge 
5 storage time, and the information charges accumulated in the 
light receiving element Pi are transferred toward the storage 
section 20s at a high rate at the start of the electric 
charge transfer time. At this point, since the information 
charges are accumulated only in the first light receiving 
~^ 10 element PI, the information charges for one picture element 
f~j are emitted every time three picture elements are transferred 

|v in the image pickup section 20i in which two second light 

2 receiving elements are disposed between the vertically 

q arranged first light receiving elements PI, Additionally, in 

15 the first image pickup operation, since the same operation is 
~i repeated in a constant cycle, the transfer of the information 

S charges on the present image frame overlaps the storage of 

the information charges for the next image frame. 
Specifically, while the information charges are accumulated 
2 0 by the image pickup section 20i, the information charges for 
the previous image frame are transferred by the storage 
section 20s. 

The vertical transfer clocks <()vl to <J>v3 have reading 
pulses with frequencies one third of those of the transfer 
25 clocks <})fl to <|>f3, and further have line feeding pulses 
having cycles longer than those of the vertical transfer 
clocks <j)vl to <J>v3, subsequent to the reading pulses. 
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Additionally , the horizontal transfer clocks <J>lil and <|)h2 have 
high-frequency output pulses in the interval of the transfer 
operation of the vertical transfer clocks cjrvl to (j>v3 o The 
operations by the vertical transfer clocks 4>vl to (|)v3 and the 
5 horizontal transfer clocks (j>hl and (J)h2 are the same as those 
of the CCD solid-state image pickup device 1 shown in, Fig o 2 
except the frequencies • Therefore, the information charges 
intermittently emitted from the image pickup section 20i are 
successively taken into the storage section 20s, temporarily 
5 10 held by the storage picture elements S, and transferred line 
[j by line to the horizontal transfer section 20h from the 

storage section 20s, all in a constant cycle- Subsequently, 
p the information charges taken into the horizontal transfer 

□ section 20h are successively transferred/emitted toward the 

03 

r: 15 output section 20d by a unit of one picture element- 
p According to the first image pickup operation, the 

^ information charges accumulated in the first light receiving 

elements Pi of the image pickup section 20i are repeatedly 
read in a predetermined cycle, so that the image signal 
20 indicative of an animated image with a low resolution can be 
obtained. 

As shown in Fig. 10, in the second image pickup 
operation, the transfer clocks <|>fl and <j)f3 are fixed at low 
levels in the electric charge storage time, and have line 
25 feeding pulses of constant cycles in the subsequent electric 
charge transfer time. Moreover, the transfer clocks §f2 and 
<()f 2 ' are fixed at high levels in the electric charge storage 
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time, and have line feeding pulses of the same cycles as 
those of the transfer clocks <J>f 1 and c|)f3 in the electric 
charge transfer time. Therefore, in the image pickup section 
20i, the information charges are accumulated in the first and 
5 second light receiving elements PI and P2 during the electric 
charge storage time, and the information charges accumulated 
in the light receiving elements PI and P2 are transferred 
line by line toward the storage section 20s in the electric 
charge transfer time. The vertical transfer clocks <f>vl to 
1?10 <J)v3 are fixed at low levels during the electric charge 
l7t storage time, and have line feeding pulses coincident with 

jrv those of the transfer clocks <J>fl to <|)f3 during the subsequent 

JSS electric charge transfer time- Therefore, the storage 

— section 20s repeats the same operation as the image pickup 
r;15 section 20i, and transfers the information charges 

successively transferred/emitted from the image pickup 

— section 20i line by line to the horizontal transfer section 
20h in the same cycle o The horizontal transfer clocks <})hl 
and <j)h2 are the same as those in the first image pickup 

2 0 operation, and have high-frequency output pulses in the 

interval of the transfer operation of the vertical transfer 
clocks <))vl to <|)v3. Therefore, the information charges 
accumulated in the light receiving elements Pi and P2 of the 
image pickup section 20i are transferred line by line to the 

25 horizontal transfer section 20h through the storage section 
20s from the image pickup section 20i in a constant cycle, 
and transferred/emitted toward the output section 20d from 
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the horizontal transfer section 20h in a unit of one picture 
element «, 

In the second image pickup operation , since the static 
image for one image frame is obtained , the information 
5 charges do not need to be repeatedly stored in the image 

pickup section 20i, and a sufficient time is allotted for the ; 
reading of the information charges accumulated in the image 
pickup section 20i<, However, in the second image pickup 
operation performed by the solid-state image pickup device 20 , 
2 10 since all information charges accumulated in the light 
f?J receiving elements Pi and P2 of the image pickup section 20i 

rv cannot be taken into the storage section 20s as they are, 

fn 

S most of the information charges are held in a position where 

^ photoelectric conversion operation can be performed even 

£7 15 during the electric charge transfer time*, To solve this 
j: problem, the generation of smearing electric charges is 

" prevented by providing a shutter mechanism to cover the 

solid-state image pickup device 20 and closing the shutter 
mechanism to shield the image pickup section 20i against 
2 0 light upon completion of the electric charge storage time. 

In the second image pickup operation, the information 
charges accumulated in the first and second light receiving 
elements Pi and P2 of the image pickup section 20i are 
successively read, with the image pickup section 20i being 
2 5 shielded against light, so that an image signal indicative of 
a static image with a high resolution can be obtained. 

Fig. 11 is a block diagram showing a structure of an 
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electronic still camera in which image signals indicative of 
animated and static images can be obtained by using the 
solid-state image pickup device 20 shown in Fig e 4, and Fig. 
12 is a timing chart showing its operation. 

The CCD solid-state image pickup device 20 is shown in 
Fig. 4 and comprises the storage section 20s, whose label is 
omitted, to one third relative to the image pickup section 
20i, and is operated by various clocks supplied from a drive 
circuit 21 to output an image signal Y0(t). 

A shutter mechanism 30 is disposed on an optical path 
where an object image is projected to the image pickup 
section 20i of the solid-state image pickup device 20 through 
a known lens mechanism, and shields the image pickup section 
20i against light if necessary. The shutter mechanism 30 may 
be of any material that can control light transmission, and 
can be constituted using a liquid crystal panel, a shielding 
plate, or the like» A shutter drive circuit 31 generates a 
drive clock c|)d based on a shutter control signal ST supplied 
from a timing control circuit 22 described later to 
open/close the shutter mechanism 30. For example, while the 
shutter control signal ST is raised, the shutter mechanism 30 
is opened o While the shutter control signal ST falls, the 
shutter mechanism 30 is closed • 

The drive circuit 21 supplies the transfer clocks <|>f 1 to 
<j>f3 and (f>f 2 ' , the vertical transfer clocks 4>vl to <j>v3, and the 
horizontal transfer clocks c|>hl and <|>h2 to the shift registers 
of the solid-state image pickup device 20, to transfer /output 



the information charges accumulated in a plurality of light 
receiving elements Pi and P2 in a predetermined sequence. 
Specif ically, the information charges accumulated in the 
light receiving elements PI and P2 of the image pickup 
5 section 20i in the constant electric charge storage time are 
transferred/emitted for each picture element in the 
predetermined sequence , to obtain the image signal YO(t) 
which is continuous in a line unit. The information charge 
transfer operation in the solid-state image pickup device 20 
J 10 follows the first image pickup operation shown in Fig. 9 and 
y the second image pickup operation shown in Fig. 10. 

J7 In the timing control circuit 22, a first image signal 

~ Y0(t) indicative of an animated image is obtained by 

continuously operating the solid-state image pickup device 20 
^15 in the first image pickup operation, and a second image 
^ signal y0(t) indicative of a static image is obtained by 

^ operating the solid-state image pickup device 20 only once in 

the second image pickup operation „ Additionally, 
instructions are given to the shutter drive circuit 31 for 
2 0 operating the shutter mechanism 30 to shield the image pickup 
section 20i of the solid-state image pickup device 20 against 
light in such a manner that the shutter mechanism 30 is 
opened by the first image pickup operation and closed after a 
fixed time by the second image pickup operation to shield the 
25 image pickup section 20i of the solid-state image pickup 
device 20 against light. 

In the first image pickup operation, the horizontal 
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synchronous signal HT and the vertical scanning signal VT are 
generated based on reference clocks of constant cycles and 
supplied to the drive circuit 21 , thereby periodically 
operating the drive circuit 21. Therefore, the solid-state 
5 image pickup device 20 repeats the image pickup only by the 

first light receiving elements PI of the image pickup section 
20i to output from the image pickup section 20i the first 
image signal Y0(t) whose line number is reduced to one third. 
At this time, the shutter control signal ST remains raised, 
JlO and the shutter drive circuit 31 keeps open the shutter 
ij mechanism 30. Additionally, a timing signal PC for 

01 

f/ standardizing the image signal Y0(t) is simultaneously 

fn 

g generated and supplied to the signal processing circuit 2 3 

q during the first image pickup operation. 

2 15 When an image defining instruction DI is input while the 

J{ first image pickup operation is continued, the first image 

— pickup operation is completed to shift to the second image 

pickup operation. In the second image pickup operation, the 
shutter control signal ST is first raised to close the 
20 shutter mechanism 30 once, so that the image pickup section 
20i of the solid-state image pickup device 20 is shielded 
against light. In this condition the frame transfer 
operation is performed to discharge the information charges 
accumulated in each light receiving element of the image 
25 pickup section 20i. In the discharge operation, after the 
shutter mechanism 30 is closed, the same operation as the 
first image pickup operation may be repeated once. After the 
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discharge operation of unnecessary electric charges is 
completed, the shutter control signal ST is raised only for a 
predetermined time, and the shutter mechanism 30 is opened to 
accumulate the information charges in all light receiving 
5 elements of the image pickup section 20i of the solid-state 
image pickup device 20 „ The open time of the shutter 
mechanism 30 is set in accordance with the luminance of an 
object in such a manner that the average of the amount of the 
information charges accumulated in the image pickup section 

'% 10 20i of the solid-state image pickup device 20 falls within a 

j^j predetermined range- Here, the optimum shutter open time may 

be set based on the average level of the first image signal 

=2 Y0(t) obtained in the first image pickup operation, by 

directly measuring the luminance of the object, or otherwise - 
15 In the second image pickup operation, the solid-state image 
pickup device 20 is not accompanied by the frame transfer 

m operation, but the shielding of the image pickup section 2 0i 

by the shutter mechanism 30 is necessary instead- In the 
image pickup section 20i shielded against light by the 
2 0 shutter mechanism 30, the information charges accumulated in 
the light receiving elements having more line number than 
that of the storage section 20s are read by a unit of line. 
Therefore, the solid-state image pickup device 20 outputs the 
second image signal y0(t) indicative of the picture element 
25 corresponding to each light receiving element Pi or P2 of the 
image pickup section 20i. 

The signal processing circuit 23 takes the first image 
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signal YO(t) emitted from the solid-state image pickup device 
20 , applies various processings such as sample holding, level 
correction and the like in accordance with the timing signal 
PC, and supplies an image signal Yl(t) according to the 
5 predetermined format to a display 24. The signal processing 
circuit 23 includes an A/D converter and a D/A converter, in 
which the first image signal Y0(t) is subjected to a signal 
processing as digital data, resets to the analog-value image 
signal Yl(t) after the predetermined signal processing is 
"J 10 completed, and supplied to the display 24. The signal 

processing circuit 23 repeats the aforementioned signal 
Jv processing as the first image pickup operation until the 

~ timing control circuit 22 receives the image defining 

JL instruction DI. After the image defining instruction DI is 

15 received, digital image data D(n) corresponding to the second 
J? image signal y0(t) indicative of the information charges from 

w all the light receiving elements of the image pickup section 

20i of the solid-state image pickup device 20 is supplied to 
the outside as a static image output - At this time, the 
2 0 image signal Yl(t) whose picture element number is reduced is 
also supplied to the display 24 corresponding to the static 
image output- The display 24 is constituted of an LCD panel 
or the like for continuously displaying images picked up by 
the solid-state image pickup device 20 in response to the 
25 image signal Yl(t) supplied from the signal processing 
circuit 23 • 

As aforementioned, since the substantial number of light 
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receiving elements of the solid-state image pickup device 20 
is changed between the first and second image pickup 
operations , the signal processing of the signal processing 
circuit 23 can be simplified in the first image pickup 
operation to obtain the image signal indicative of the low- 
resolution animated image o 

In the above-mentioned embodiment , the number of lines 
of the storage picture elements in the storage section 20s of 
the solid-state image pickup device 20 is reduced to one 
third of the number of lines in the image pickup section 20i, 
but the reduction ratio may be 1/2 or 1/4 or less- 

As aforementioned, according to the first embodiment, by 
switching the substantial number of light receiving elements, 
the first image signal indicating the low-resolution animated 
image and the second image signal indicating the high- 
resolution static image can be obtained, respectively- 
Furthermore, since the chip size of the solid-state image 
pickup device can be reduced, the manufacture cost of the 
solid-state image pickup device can be cut down. 
Additionally, the signal processing of the first image signal 
obtained in the first image pickup operation can be 
simplified o Therefore, while the cost of the solid-state 
image pickup device is reduced, a high-quality static image 
can be obtained- 
[Second Embodiment] 

The structure of a second embodiment of the present 
invention is basically the same as that of the first 
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embodiment, but, in the second embodiment, the electric 
potentials of the semiconductor substrate 11 are positively 
controlled- 

Figs. 13 and 14 are timing charts of an operation method 
5 of a solid-state image pickup device according to the second 
embodiment, and show a first image pickup operation for 
fetching only the information charges of the first light 
receiving elements Pi and a second image pickup operation for 
fetching all the information charges of the first and second 
if 10 light receiving elements Pi and P2, respectively., 
[7J In this embodiment, three-phase transfer clocks <j)fl to 

f/ c|)f3, three-phase vertical transfer clocks <J>vl to c|)v3, and two- 

3 

~ phase horizontal transfer clocks 4>hl and 4>h2 are used. In 

^ this case, in the image pickup section 20i, as shown in Fig, 

[7 15 4 described above, three transfer electrodes 15 per picture 

^ element are disposed for each light receiving element PI or 

firs 

^ P2 o Moreover, the transfer clocks <J>fl and <J)f 3 are applied to 

both-end transfer electrodes 15 of each light receiving 
element PI or P2 , the transfer clock <j)f2 is applied to the 
2 0 center transfer electrode 15 of the first light receiving 
element PI and the transfer clock $f 2 ' is applied to the 
center transfer electrode 15 of the second light receiving 
element P2 • Furthermore, a substrate clock (j>sub synchronous 
with the transfer clocks <|>fl to <j)f 3 and 4>f2' is applied to the 
2 5 semiconductor substrate 11. 

As shown in Fig. 13, in the first image pickup operation, 
the information charges are accumulated at a first time Tl, 
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and the accumulated amount of the information charges is 
regulated in the subsequent second time T2 • Subsequently, 
the information charges are transferred in a third time T3 
subsequent to the second time T2. The transfer of the 
5 information charges in the third time T3 is performed in two 
stages s a frame transfer in which the information charges for 
one image frame whose picture element number is reduced are 
read from the image pickup section 2 0i to the storage section 
2 0s at a high rate; and a line transfer in which the 
%_10 information charges are read line by line from the storage 
71 section 20s to the horizontal transfer section 20h- 

fir? 

2 The transfer clocks <j)fl to 4>f3 and tjjf 2 ' include high- 

4 frequency discharge pulses immediately before the first time 

« Tl and high-frequency reading pulses at the start of the 

15 third time T3 (frame transfer time)- The transfer clock <|)f2 
is fixed at a high level in the first and second time Tl and 
T2, and the transfer clocks <}>f 1 and <J>f3 are fixed at low 
levels during the first to third time T1-T3 except the frame 
transfer time. The transfer clock (J>f2' is fixed at a high 
2 0 level together with the transfer clock (|)f2 in the first time 
Tl, and to a low level together with the transfer clocks <j)fl 
and <j)f3 in the second time T2. Additionally, the substrate 
clock (J>sub is raised and fixed at a high level in the time of 
the discharge pulses of the transfer clocks <})fl to 4>f3 and 
25 <J>f 2 ' and the second time T2, and fixed at a low level in the 
other times Tl and T3. 

When the substrate clock <j>sub is raised to the high level 
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and the discharge pulses of the transfer clocks <J>f 1 to <j>f3 
and <j>f 2 ' are applied immediately before the first time Tl f 
the potential on the semiconductor substrate 11 becomes deep, 
while the potential on the side of the transfer electrodes 15 
periodically becomes shallow. At this time, since the 
potential profile which becomes deeper toward the depth of 
the semiconductor substrate 11 is formed under each light 
receiving element PI or P2 , the previously accumulated 
information charges in each light receiving element Pi or P2 
are all discharged toward the semiconductor substrate 1L 

When the transfer clocks $Z 1 and c|)f3 are fixed at low 
levels in the first and second time Tl and T2, as shown in 
Fig. 15, potential barriers for separating picture elements 
are formed on both ends of each light receiving element PI or 
P2. 

When the substrate clock 4>sub is fixed at the low level 
and the transfer clocks <J)f2 and 4>f 2 ' are fixed at high levels 
in the first time Tl, the potential profile as shown by a 
curve a of Fig. 16 is formed in a depth direction in the 
center of each light receiving element Pi or P2 « 
Specifically, the potential profile becomes deeper as it is 
apart from the transfer electrodes 15, indicates a minimum 
value in the embedded layer 13 and a maximum value in the 
diffusion region 12 and becomes deeper again as it advances 
from the diffusion region 12 to the depth of the 
semiconductor substrate 11. Therefore, the information 
charges equivalent to a difference between the minimum value 
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in the embedded layer 13 and the maximum value in the 
diffusion region 12 can be accumulated in each light 
receiving element PI or P2. 

When the clock 4>sub is raised to the high level , with the 
5 transfer clock (j>f2 being kept at the high level in the second 
time T2, the depth-direction potential profile in the center 
of the first light receiving element PI changes as shown by a 
curve b of Fig. 16. Specifically, the potential on the side 
of the semiconductor substrate 11 becomes deep, and the 
jSlO maximum value in the diffusion region 12 is lowered 

fj accordingly. Therefore, the difference between the minimum 

yi 

s_; value in the embedded layer 13 and the maximum value in the 

S diffusion region 12 is reduced to reduce the storage capacity 

£ L. of the information charges, and the information charges 

rf 15 exceeding the storage capacity and accumulated in the first 

time Tl are discharged toward the semiconductor substrate 11 „ 
^ Furthermore, in the second time T2, when the clock <J>sub rises 

to the high level while the transfer clock <J>f 2 ' falls to the 
low level, the depth-direction potential profile in the 
2 0 center of the second light receiving element P2 changes as 
shown by a curve c of Fig. 16. Specifically, the potential 
on the side of transfer electrodes 15 becomes shallow at the 
same point that the potential on the side of the 
semiconductor substrate 11 becomes deep, and the minimum 
25 value in the embedded layer 13 and the maximum value in the 
diffusion region 12 are reversed. The potential barrier in 
the diffusion region 12 is then extinct, and the information 
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charges accumulated in the first time Tl are all discharged 
toward the semiconductor substrate 11. Therefore, at the 
completion of the second time T2 of the first image pickup 
operation, as shown in Fig. 15, the information charges are 
5 accumulated only by the first light receiving element PL 

In the image pickup section 20i, the storage capacity of 
the information charges in the channel region is reduced by a 
delay of potential variation in the channel region relative 
to the electric potential variation of the transfer 
^10 electrodes 15 or the like in the third time T3 when high 
fTi frequencies are applied, rather than in the first time Tl 

rv when the electric potentials of the transfer electrodes 15 

J2; are fixed. For this reason, when an amount close to the 

!L saturation amount of information charges are accumulated in 

r:15 the first time Tl, a part of the information charges may be 

left in the channel region instead of being transferred in 
— the third time T3 . To prevent the information charges from 

remaining to be transferred, in the second time T2, the 
storage capacity of the information charges in the channel 
2 0 region is regulated. The discharging of the information 
charges of the second light receiving element P2 and the 
regulation of the storage capacity are simultaneously 
performed in the second time T2 . 

At the third time T3, when the reading pulses of the 
25 transfer clocks <J>fl to 4>f 3 and 4>f 2 ' are applied, with the 
substrate clock <|)sub being kept at the low level, the 
information charges accumulated in the first light receiving 



35 



element PI are transferred/emitted to the storage section 20s 
from the image pickup section 20i along the extending 
direction of the channel region - At this time, since the 
information charges are accumulated only in the first light 
receiving element PI, the information charges for one picture 
element are emitted every time three picture elements are 
transferred in the image pickup section 2 0i in which two 
second light receiving elements P2 are disposed between the 
vertically arranged first light receiving elements PL 

The vertical transfer clocks <f>vl to (j>v3 have reading 
pulses with frequencies one third those of the transfer 
clocks (J)f 1 to 4>f3 at the start of the electric charge 
transfer time, and have line feeding pulses ; of constant 
cycles, subsequent to the reading pulses „ Additionally, the 
horizontal transfer clocks $hl and (j)h2 have high-frequency 
output pulses corresponding to the line feeding pulses of the 
vertical transfer clocks (j>vl to 4>v3o The operation by the 
vertical transfer clocks <|>vl to <J>v3 and the horizontal 
transfer clocks <j>hl and <j>h2 is the same as in the above- 
mentioned first embodiment, and the information charges are 
transferred in the same manner. 

According to the first image pickup operation, the 
information charges accumulated in the first light receiving 
element PI are repeatedly read in a predetermined time, so 
that the image signal having a low resolution and indicating 
an animated image can be obtained. 

As shown in Fig„ 14, in the second image pickup 




operation, the information charges are accumulated in the 
first time Tl, and the storage amount of the information 
charges is restricted in the subsequent second time T2 . 
Subsequently, the information charges are transferred in the 
5 third time T3 subsequent to the second time T2 . The transfer 
of the information charges in the third time T3 is performed 
only by the line transfer in which the information charges 
are read line by line from the image pickup section 20i 
through the storage section 20s. 
Jj 10 The transfer clocks (J)fl to <j)f3 and <J)f 2 ' have high- 

rj frequency discharge pulses immediately before the first time 

r; Tl and line feeding pulses of constant cycles in the third 

~ time T3o The transfer clocks <j)f 2 and cj)f 2 ' are coincident 

with each other and fixed at low levels in the first and 
™ 15 second time Tl and T2« The transfer clocks <j>l and (()f3 are 
:j fixed at low levels in the first and second time Tl and T2 . 

^ Additionally, the substrate clock <J>sub is raised and fixed at 

a high level in the time of the discharge pulses of the 
transfer clocks 4>f 1 to cj>f3 and <j>f 2 ' and the second time T2, 
2 0 and fixed at a low level in the other times Tl and T3 . 

When the substrate clock cj>sub is raised to a high level 
and the discharge pulses of the transfer clocks <j>f 1 to (J)f3 
and <|>f 2 ' are applied immediately before the first time Tl, 
the potential on the side of the semiconductor substrate 11 
25 becomes deep, while the potential on the side of the transfer 
electrodes 15 periodically becomes shallow. The operation is 
the same as the first image pickup operation. 
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When the transfer clocks 4>fl and (J>f3 are fixed at low 
levels in the first and second time Tl and T2, as shown in 
Fig- 15, potential barriers for separating picture elements 
are formed on both ends of each light receiving element PI or 
5 P2o 

When the substrate clock (|>sub is fixed at a low level and 
the transfer clocks §f2 and <J>f 2 ' are fixed at high levels in 
the first time Tl, the potential profile as shown by the 
curve a of Fig- 16 is formed in a depth direction in the 
~10 center of each light receiving element PI or P2 in the same 
f~ manner as in the first image pickup operation. Therefore, 

r; the information charges equivalent to a difference between 

5: the minimum value in the embedded layer 13 and the maximum 

L, value in the diffusion region 12 can be accumulated in each 

15 light receiving element PI or P2. 
]f When the clock (j>sub is raised to high level, with the 

ffl transfer clocks <|>f 2 and 4>f 2 ' being kept at high levels in the 

second time T2, in the same manner as in the first image 
pickup operation, the depth-direction potential profile of 
2 0 the center of the each light receiving element PI or P2 

changes as shown by the curve b of Fig„ 16- Therefore, the 
difference between the minimum value in the embedded layer 13 
and the maximum value in the diffusion region 12 is reduced 
to reduce the storage capacity of the information charges, 
25 and the information charges exceeding the storage capacity 
and accumulated in the first time Tl are discharged toward 
the semiconductor substrate 11 <, In the second image pickup 
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operation/ at the completion of the second time T2, as shown 
in Fig. 15, the information charges are accumulated in each 
light receiving element Pi or P2 <, The restriction of the 
storage capacity of the information charges in the second 
5 time T2 is the same as in the first image pickup operation. 

When the line feeding pulses of the transfer clocks 4>fl 
to <J>f 3 and (|)f 2 ' are applied, with the substrate clock (j>sub 
being kept at a low level in the third time T3, the 
information charges accumulated in each light receiving 
JtlO element Pi or P2 are transferred to the storage section line 
= .j by line along the extending direction of the channel region, 

r/ The vertical transfer clocks <j>vl to <j>v3 have line feeding 

pulses coincident with the transfer clocks <J>_f 1 to <j)f3 in the 
^ third time T3. In the third time T3, the transfer operation 

rflS by the vertical transfer clocks (|)vl to <J>v3 is the same as the 
"J transfer operation by the transfer clocks <j>fl to <J)f3, and the 

w information charges are transferred to the horizontal 

transfer section 20h from the image pickup section 20i 
through the storage section 20s in a unit of line* The 
2 0 horizontal transfer clocks (f>hl and <|>h2 have high-frequency 

output pulses corresponding to the line feeding pulses of the 
vertical transfer clocks cj>vl to c|)v3 in the third time T3 - 
The horizontal transfer clocks <j)hl and (J)h2 are the same as 
those in the first image pickup operation, and the 
2 5 information charges transferred/emitted to the horizontal 
transfer section 2 Oh from the image pickup section 20i 
through the storage section 2 0s in a unit of line are 
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transferred/emitted from the horizontal transfer section 2 Oh 
in picture element units o 

In the second image pickup operation, since the static 
image for one image frame is obtained, the information 
5 charges need not be repeatedly stored in the image pickup 
section 20i, and a sufficient time is allotted for the 
reading of the information charges accumulated in the image 
pickup section 20i. However, in the second image pickup 
operation, since all information charges accumulated in the 
%10 light receiving elements PI and P2 of the image pickup 
r~z section 20i cannot be taken into the storage picture elements 

j[7 of the storage section 20s as they are, most of the 

JS; information charges are held in a position where 

JL photoelectric conversion operation can be performed even 

15 during the electric charge transfer time. To solve the 
J? problem, by providing a shutter mechanism to cover the solid- 

m state image pickup device 20 and closing the shutter 

mechanism to shield the image pickup section 2 0i against 
light upon completion of the electric charge storage time, 
20 the generation of smearing electric charges is prevented «, 
According to the second image pickup operation, the 
information charges accumulated in the first and second light 
receiving elements Pi and P2 of the image pickup section 20i 
are successively read with the image pickup section 20i being 
25 shielded against light, so that an image signal having a high 
resolution and indicating a static image can be obtained. 

The structure of an electronic still camera in which the 
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first image signal indicating an animated image and the 
second image signal indicating a static image are obtained by 
using the operation method of the second embodiment is the 
same as the structure shown in Fig. 11 , and its entire 
operation is the same as illustrated - 
[Third Embodiment] 

Fig. 17 is a sectional view showing a structure of a 
solid-state image pickup device according to a third 
embodiment of the present invention. The solid-state image 
pickup device of the present embodiment is of a frame 
transfer system, and Fig. 17 shows a vicinity of a boundary 
between an image pickup section and a storage section. 

The structure is the same as that of the second 
embodiment, except that a portion of the transfer electrodes 
15' defining one light receiving element P' adjacent to the 
storage section among a plurality of light receiving elements 
P and one storage picture element S' adjacent to the image 
pickup section among a plurality of storage picture elements 
S are formed broader in an electric charge transfer direction 
than the other transfer electrodes 15, and have their channel 
lengths lengthened . 

Three-phase frame transfer clocks <f>fl to (J>f3 are applied 
to the transfer electrodes 15 and 15' of the image pickup 
section, and three-phase vertical transfer clocks (j>vl to <j>v3 
are applied to the transfer electrodes 15 and 15' of the 
storage section, to control potentials in channel regions. 
In the image pickup operation, the frame transfer clocks <()fl 



and (j)f 3 inactivate the transfer electrodes 15 positioned on 
both ends of each light receiving element P, and form 
potential barriers for electrically separating adjoining 
light receiving elements P. Additionally, the frame transfer 
clock (|)f2 turns on the transfer electrode 15 positioned in 
the center of the light receiving element P, and forms a 
potential well for accumulating the information charges „ 
Furthermore, in the transfer operation, the frame transfer 
clocks cj)f 1 to cj>f 3 and the vertical transfer clock <J>vl to c()v3 
repeatedly activate/off each transfer electrode 15 at a high 
rate to move the potential well in such a manner that the 
information charges accumulated in the potential well are 
transferred in one direction „ Here, by setting cycles of the 
vertical transfer clocks (f>vl to (J>v3 an integer number of 
times longer than those of the frame transfer clocks 4>fl to 
<|)f3, the number of picture elements can be reduced in the 
process of transfer of information charges from the image 
pickup section to the storage section. Specifically, by 
setting the cycles of the vertical transfer clocks c()vl to <J>v3 
n-times (n; integer) longer than the cycles of the frame 
transfer clocks <|)fl to <J)f 3 / the information charges 
transferred/emitted from the image pickup section are taken 
into the storage section only for one picture element among 
n-picture elements • 

In the CCD solid-state image pickup device having a 
vertical overflow drain structure, the potential profiles as 
shown in Fig. 6 are formed in the depth direction of the 



semiconductor substrate 11, 

When the transfer electrodes 15 and 15' are activated, 
i.e., when the electric potentials applied to the transfer 
electrodes 15 and 15' are raised, the potential profile is 
5 formed deep in the embedded layer 13 (channel region) as 

shown by the curve a. Therefore, the information charges can 
be accumulated only to compensate for the difference between 
the minimum value in the embedded layer 13 and the maximum 
value in the diffusion layer 12* On the other hand, when the 
— 10 transfer electrodes 15 and 15' are inactivated, ioe», when 

the electric potentials applied to the transfer electrodes 15 
and 15 ' are lowered, the potential profile is formed shallow 
in the embedded layer 13 (channel region) as shown by the 
^ curve bo Therefore, the potential barriers in the diffusion 

£0 15 region 12 are extinct, and the information charges generated 
"~~4 in the channel region are discharged toward the semiconductor 

ffl substrate 11 along the potential gradient. 

The frame transfer clocks <J)f 1 to <J>f 3 and the vertical 
transfer clocks <j>vl to 4>v3 activate the transfer electrodes 
2 0 15 and 15' in a sequential transfer direction, with the 

transfer electrodes being overlapped for a predetermined time. 
At this time, if the timing at which the transfer electrodes 
15 and 15' are continuously activated is delayed,, the 
information charges which are being transferred are 
2 5 discharged toward the semiconductor substrate 11 o To solve 
the problem, by lengthening the cycles of the vertical 
transfer clocks <j>vl to (J>v3 and intentionally delaying the 
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timing when the transfer electrodes 15' of the storage 
section are activated, only a part of the information charges 
of the light receiving elements can be taken into the storage 
picture element S while being transferred from the image 
5 pickup section to the storage section. At this time, the 
information charges which are not taken into the storage 
picture element S are discharged from the output end of the 
image pickup section, i.e., the light receiving element P' 
adjacent to the storage section. For this reason, by forming 
.1^10 longer channel lengths of the transfer electrodes 15' in the 

\J t boundary of the image pickup section and the storage section, 

LP 

r? the information charges discharged toward the semiconductor 

J5; substrate 11 are prevented from being mixed in the 

JL information charges held in the storage picture element S ' . 

15 Fig. 18 is a schematic diagram showing the structure of 

the frame transfer system CCD solid-state image pickup device 
^ according to the third embodiment. In Fig. 18, for 

simplicity of understanding, the arrangement of the light 
receiving elements P is shown in 12 lines by 16 columns. In 
20 the third embodiment, in order to transfer the information 
charges accumulated in each light receiving element P, the 
frame transfer clocks (|)f 1 to cj)f3 are clocked on high 
frequencies, before the information charges are transferred 
to the storage section 20s (frame transfer). 
25 Figs. 19 and 20 show waveforms of transfer clocks for 

realizing the operation method of the solid-state image 
pickup device according to the present inventions Fig. 19 
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shows a first operation for reducing the number of picture 
elements to read information charges; and Fig„ 20 shows a 
second operation for reading the information charges of all 
the picture elements. In this embodiment, the number of 
picture elements is reduced to one third in the first 
operation- Additionally, the cycles of the transfer clocks 
in the second operation are sufficiently longer (usually, 
several hundred times) than the cycles of the transfer clocks 
in the first operation, and Fig B 20 is reduced in size in a 
time axis direction as compared with Fig e 19 o 

After the solid-state image pickup device accumulates 
the information charges generated through photoelectric 
conversion in the first time (storage time) into each light 
receiving element P, the information charges are 
transferred/emitted from each light receiving elements P via 
the storage picture element S in the second time (transfer 
time) o During the storage time, one of the frame transfer 
clocks (|>f 1 to (J)f3, e.go, the frame transfer clock <J>f 3 is fixed 
at a high level, while the other frame transfer clocks 1 
and <|>f2 are fixed at low levels . Therefore, the information 
charges generated by the photoelectric conversion are 
accumulated under the transfer electrode 15 to which the 
frame transfer clock <f>f3 is applied. The operation in the 
storage time in the first operation is coincident with that 
in the second operation. 

In the transfer time, in the first operation, the frame 
transfer clocks $f 1 to (j)f3 alternately repeat rising and 



falling in constant cycles, so that a mutual phase difference 
is set to 1/3 cycle. At this point, the vertical transfer 
clocks <|)vl to c|)v3 repeat rising and falling in cycles three 
times longer than those of the frame transfer clocks <j)fl to 
<|>f3, so that a mutual phase difference is set to 1/9 cycle . 
Furthermore, the rising of the vertical transfer clock <J>v is 
delayed by 2/3 cycle, and periods when the vertical transfer 
clocks (|)vl to <f>v3 are raised are mutually overlapped only by 
1/18 cycle. The first operation includes a transfer 
operation in which the information charges taken from the 
light receiving element P into the storage picture element S 
are transferred/emitted by each picture element according to 
a horizontal scanning timing. On the other, hand, in the 
second operation, the frame transfer clocks <j)fl to 4>f3 and 
the vertical transfer clocks 4>vl to <|)v3 are coincident with 
one another and alternately repeat rising and falling in 
constant cycles, and a mutual phase difference is set to 1/3 
cycle. In the second embodiment, the information charges are 
taken from the light receiving element P of the image pickup 
section into the storage picture element S of the storage 
section according to the horizontal scanning timing, and 
continuously transferred/emitted by each picture element from 
the storage picture element S. 

Fig. 21 is a diagram showing potentials in the first 
operation. Fig. 21 corresponds to Fig. 19, and shows the 
same portion as Fig. 17. 

At a time TO when the frame transfer clock $f3 and the 



vertical transfer clock 4>v3 rise and the transfer clocks <j>f 1 
and <J)f2 and the vertical transfer clocks (j>vl and (|)v2 fall, the 
potential well is formed under the transfer electrode 15 to 
which the frame transfer clock <J>f 3 or the vertical transfer 
5 clock (|>v3 is applied «, The information charges are stored in 
the potential well. At time Tl to T3, the frame transfer 
clocks <j)fl to 4>f3 are successively reversed with a time 
difference of 1/3 cycle, and the information charges 
accumulated under the transfer electrode 15 to which the 
y 10 frame transfer clock <|>f3 is applied are transferred till the 
f* light receiving element P of one picture element ahead • 

^ Additionally, the vertical transfer clocks <J)vl to 4>v3 are 

w successively reversed with a time difference of 1/9 cycle, 

^ and the information charges accumulated under the transfer 

ffl 15 electrode 15 to which the vertical transfer clock (|>v3 is 
N applied are transferred till the storage picture element S of 

£0 one picture element ahead- 

At a time T4, the frame transfer clocks <j)fl and 4>f3 are 
reversed, with the vertical transfer clocks 4>vl to (J>v3 being 
20 fixed, and the information charges accumulated under the 

transfer electrode 15 to which the frame transfer clock <j>f3 
is applied are transferred to below the transfer electrode 15 
to which the vertical transfer clock <j>vl is applied. At this 
time, in the light receiving element P' adjacent to the 
25 storage section, since the transfer electrode 15', to which 
the vertical transfer clock <j>vl is applied ahead of the 
transfer electrode 15' to which the frame transfer clock <|)f3 
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is applied, remains off, all the information charges of the 
picture element are discharged toward the semiconductor 
substrate 11 . At this point, in the storage picture element 
S' adjacent to the light receiving element P', the 
information charges are held in a position farthest from the 
light receiving element P', i.e., under the transfer 
electrode 15 to which the vertical transfer clock (J>v3 is 
applied. In addition, the transfer electrodes 15' on 
opposite sides of the transfer electrode 15' to which the 
frame transfer clock (J)f3 is applied are formed with 
lengthened channel lengths. For this reason, even when the 
information charges are discharged toward the semiconductor 
substrate 11 in the channel region under the transfer 
electrode 15' to which the frame transfer clock <J>f3 is 
applied, a part of the information charges can be prevented 
from being mixed into the information charges held by the 
storage picture element S ' . 

In time T5 and T6, in the same manner as for time T2 and 
T3, the frame transfer clocks (j>fl to <j>f3 are successively 
reversed, and the information charges accumulated under the 
transfer electrode 15 to which the frame transfer clock (f>f 1 
is applied are transferred to below the next transfer 
electrode 15 to which the frame transfer clock cj)f3 is applied. 
At time T7, in the same manner as at time T4, the frame 
transfer clocks <J)f 1 and <J>f 3 are reversed, and the information 
charges accumulated under the transfer electrode 15 to which 
the frame transfer clock <J>f3 is applied are transferred to 
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below the transfer electrode 15 to which the frame transfer 
clock <J>fl is applied „ Additionally, in the light receiving 
element P' the information charges for one picture element 
are discharged toward the semiconductor substrate 11 „ The 
5 transfer operation in time T8 and T9 is coincident with the 
transfer operation in time T5 and T6 . Additionally, in the 
time T5 till T9 , in the same manner as in the time T3 and T4, 
the vertical transfer clocks <j>vl to (j>v3 are continuously 
fixed * 

10 Subsequently, at time T10, in the same manner as at time 

Tl, the frame transfer clocks (|>fl and cj>f 3 together with the 
vertical transfer clocks <|)vl and (|)v3 are reversed, and the 
information charges accumulated under the transfer electrode 
15 to which the frame transfer clock (j)f3 or the vertical 

15 transfer clock cj>v3 is applied are transferred to below the 
transfer electrode 15 to which the frame transfer clock (j)fl 
or the vertical transfer clock (j>vl is applied. At time T10, 
in the light receiving element P' the information charges are 
not discharged toward the semiconductor substrate 11, but 

20 transferred to the storage picture element S'„ 

By repeating the above-mentioned operation from time Tl 
till T10, the discharge of the information charges for two 
picture elements and the output of the information charges 
for one picture element are repeated, so that one third of 

25 the information charges accumulated in a plurality of light 
receiving elements P are taken into the storage picture 
element S. The information charges once taken into the 
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storage picture element S are transferred/emitted in a unit 
of picture element, when the vertical transfer clocks (|)vl to 
<J)v3 repeat rising and falling according to the horizontal 
scanning cycle. 

5 Fig» 22 is a diagram showing potentials in the second 

operation. Fig. 22 corresponds to Fig* 10, and shows the 
same portion as Fig. 17. 

At a time TO, the frame transfer clock <|>f3 and the 
vertical transfer clock <|>v3 rise, the frame transfer clocks 
O 10 <()fl and <|>f2 and the vertical transfer clocks (|>vl and (j>v2 fall, 
H and the potential well is formed under the transfer electrode 

yl 15 to which the frame transfer clock <j)f 3 or the vertical 

CO transfer clock (J>v3 is applied, so that the information 

s_ charges are stored in the potential well. 

£0 15 At time Tl till T3, the frame transfer clocks <j>fl to cj)f3 

SJ and the vertical transfer clocks 4>vl to <|>v3 are successively 

m reversed. The transfer operation in time Tl till T3 is 

coincident with the operation in time Tl till T3 of the first 
operation shown in Fig. 21. However, the operation cycle is 
2 0 set coincident with the horizontal scanning cycle, and is 

sufficiently (about 900 times at maximum) longer than that of 
the first operation. 

By repeating the above-mentioned operation of time Tl 
till T3, the information charges accumulated in a plurality 
25 of light receiving elements P are transferred/emitted via the 
storage picture element S by each picture element at the 
timing following the horizontal scanning cycle. In the 
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second operation, however, during the transfer time, most of 
the information charges are held in the light receiving 
element P in which photoelectric conversion is continued* 
Therefore, by providing a shutter mechanism to cover each 
5 light receiving element P and closing the shutter mechanism 

to shield the light receiving element P from light during the 
transfer time, the generation of smearing electric charges 
must be prevented. 

According to the third embodiment, in the process of 
~10 transfer from the image pickup section to the storage section 
f~ of the solid-state image pickup device, the information 

5:5 

rj_ charges can be read only from the specific picture element to 

reduce the number of picture elements. Since the information 

!L charges to be discharged to thin out the picture elements are 

rf 15 discharged toward the substrate in the transfer electrodes 
whose channel lengths are formed long, the mixing of a 

W portion of the discharged charges with the information 

charges held in the storage picture element can be prevented. 
Therefore, the processing of the image signal can be 
2 0 simplified, the image signal can be prevented from being 

deteriorated, and the reduction of circuit scale and cost can 
be expected- Moreover, since the chip size of the solid- 
state image pickup device can be reduced due to the reduction 
of the storage section, the manufacturing cost of the solid- 
2 5 state image pickup device itself can also be reduced - 
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